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Abstract 



PURPOSETo improve the resolution of the oscillation frequency of a frequency synthesizer. 

CONSTITUTIONS sawtooth wave circuit 1 which works with a reference signal fr is provided together with a sawtooth 
wave circuit 2 which works based on the division number N designated previously and the output of a voltage control 
oscillator VCO 8, and a digital phase comparator which controls the oscillation frequency of the VCO 8 based on the 
difference between the output of the circuit 1 and the output of the circuit 2. Furthermore a circuit which controls the 
oscillation frequency of the VCO 8 consists of a bit number reduction circuit 53 containing a DELTASIGMA type noise 
shaping circuit, a D/A converter 9, and an LPF 54. In such a constitution, a frequency synthesizer of the high resolution of 
100Hz or less can be obtained even with a D/A converter of about 12 bits. 
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(57) [SIS] 

mm a*e*t f r KT»frr***«*0» 1 « 

«6»SSnfc^«»Ni:«£E«M*»fi8 (VCO) 8<D 

a t ig*KS@» 2 t o«»3a» e v c o 8 nnwm 

■fe*-f1f-fc*V»T, VCO8C056SW»»«W^ff5 

tt@B 5 3 tD/A*«s9 t&taufiyjn'* 54^ 

1 2 MUE0£y h»<&D/A&&SST*> 
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(2) 

1 

ft, ±E-££y h»<D7-*mm£K)1bm*\dy hR 

ATjffiwSra^flrrsfg i ©a^Ntst, ±§§m i <ds 
^fcswai * t ±b xtitm t <Dm# ft t i cdm# 

a t ±Eiis»o w a t ±b y -f x - tr > if 

[MA912] R*»lE*0fc:y hRfitt@Rtl^V» 

tss 2 tnmft* tz>% 2 

t, ±E*i©ai»»©ffi*sa : ?ft-r*±B*2©a 
r. 

[»*J«3 3 ■*«lE«Obfy hRfitt®RK:*» 
T» ±Ey-fXS/x-tr>^®B^±EfBl©«Jf»<Z) a? 

a* 2 coa^fk^oai^ ta>s»ft t «r 2 cdmjf 
st, ±EfS2©«»«o«**a»"r*»ioa»« 

t, ±EIBl©*»»Offl*^'5«»»OW**«» , r 
*R3 4>tt*R£. ±B»3©WWOffl»ft«»T4 
S&2<7)8l#S§<h, ±B»2©«l»»<DU**a^fti"* 
±E»2 0a : Hb»t, ±E*2<D«^k«Otfl*C2 

«©*H»ft#A.*±E«1WBi:ft*UT#l*sn*c:fc 
ftfttStLfctV hR««lsJR. 

HMHI4] -filiy hR(Dx-*RSft«rOA*m^ 
ft, ±E-fteyhR®x-*»fi«fcgt>«tr>fcfybR 

A* fi^ KRR»K*fc« ft ttRT* »J» £ • 
±Binj£S©Ulfi£S^fcTSSf! 1 ©Reflate, ±S§ 
R 1 ©a : Pft«offl^t±EA*fi#t©S»ft 

±ERlO«JHS(0m*^A*i:tt6y 
-fX5/x-t!>y®R^ ±E»l®a : NbSa*ftR 
M$ii-5S@gg<?:, ±ER3M©ffl*fc±Ey<X'>x 

-if>^0Kai^tojing^to±Btti^m^<i:-r^sn 

JB»i:ft*LT«l**n*C:tft»«t'r*tr-y hRE 
ttRR. 40 

t»TR»«RftR*r*R 1 ©R#tt»[sIR^ ^feJt 
«anfc»RRfc«E««PR«R©m*«C^t^T« 
«tt«ft»4TSR2flE>«««*0Ri:, ±E»1©« 
•tt«lHlR<J!)ffi*i:±ER2©R*tt*laIR©tll*^6 
±IBSg 1 RtKR 2 ©CO«#ttft'IfilRCO«g*«»(Z)fiCffi^ 

ft«ia-r&5f s -r s^*-«Hft*ifc«iaRi, ±ffif>f^;i^ 

ttffi Jfc&®R©ai£ Kcfco T±fi«EM*M»©RR 

«»**Rftff5igRft»^, ±E**e#t±E^« 



4MH¥6- 1 0 4 7 5 0 

2 

1M1f-K*3^T, ±E«EMff8«S©8Sfl&RM 
IPftff5I3R^, ±E»*^lXtt4 0tfy hftfi*® 
Rt, ±Blfyh*fi«IirRfl>ffl*«7^nifflt*c« 
*-r*D/A**»t, ±BD/ASE*»©ai*ftA* 

fr«««RR7-f;^tft*UT«**n«ctfti» 

Rfc^SHRR^WMIf-. 

[IM6] ±E» 1 ©RtSWSHIR, ±f3S&2©ag* 
««®R. ±Exw ^*JWfc*ItRl3Ratf±Elfy h 

«ft*fflftLT«^ffiaftff5^tft»«frs»«» 

[R*«7] R#B5B«©R*R*>*tf^tf-K:* 
^T, MIC, ±E#MRft7 HUXfcL±E«EER*PR 
JtEtfy h»tt«lHlRoA*fllftER 
U Rfc£R«T*±E«EEMffft&R©8MttRft 
«JR«& LTtt*«ERI3RftfHnbT«l**nfcC 

[R#18] R*W5E«©R*R*>istf*1f^K* 
V>T, Jgfc, ±E»R»ftrHUXtb±E«fiE«RR 
M©**l»0±Etry hR£MlHlR<DA*fii£Bt6"r 
«ERRRt« «fcirRg-r*»«*lc«fcoT, ±BB 
*@R*&R*«sn&±filf* hRtt«@R©A*«t 
^6±E«£E«»«S»©«R«*ftf«H/±E«EM 

ft Z t mm tr *«ttR->;Hr!M If-. 

[»#Si9] R#3I5, 6, 7X«8B*©M«R~>> 
•felf-flf-t, ±Effl«RS'>1z1M1f-*e©Rfifl 
RR0RW»*6n**Mai«RRft»ofiaM 

e. 

[0 0 0 1] 

[R«±©«ffl#M *fSEli, £yh*R*BlRKtf 
*nftR^&HRR^>-fe1M1f--. Mlc§¥L<m;t 
«, -ftKy hR©7 i -^tefift»^A^«^ft±B- 

««T*tr-y hRfi«oR&rx&fflH«g;u-^±E 

try hRttttSRftRViftRl^^^^^ttfiJtMR 
ffiftRy^-feif-f-tf-icwr^. 
[0 0 0 2] 

enrfeo, »^«aiiiR©«afcJ:ott«B«i;i'-^ r 

ftffiVi&R«R-»1r*'f1f-3ft«A<ffl^&n5. ^R 

(VCO) , U*»R», MUBMiftR^TttR 
(PLL) ft*^U, oT«^R8g©»«Rft 
■KbT^Ka:aff^^^^RRRftR^.d«6HttR 
•»-fe*<tf-ftRWTV>-6. PLLtiVCOOai^m 
^ftW*»R»T#RLfc»*CDtt*t*a«MM* 

L, 7^ny«(Olttt«*ft7>f;^T«^bfc«, V 
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(3) 



ft&8¥6- 1 0 4 7 5 0 



\zmmz&'rz>rztb. mj&\zmfc&z®W7LZ>ct&r 

[0003] z<Dmm\t. ZTj-amr 
ftjitzztizmRTzo-c* z.n*mm?z>m&&i' io 

aam^s&xssB - 2. vol. j 7 3 - b 

-2, No. 2 , PP 9 5 - 1 0 2, 1 9 9*0^2 

[ooo4] z<D&m&#ft&mmi£m&&>>>tt<i 20 

-*©A*fctt»*«*0)tt«JClB|»ILT»J»T/K 

tfctt»©«#©A*fcttvco©u*«^£»aftp 
&ii\zmw\sTnmLi'>tt^v-<»mi)nmLmz 

T 5. «^T, ffilB»iESI^ViTi:©3fllOf*®iRb, 
fifflftfcfftt. (1) sCl::T*fr*. 

fy= (MXP) -r (B XT) »-(l) 

[0 0 0 5] 

VCO*«»T4»^ D/A££8<B^lli>W3»» 

WAtf, VCO<Z)^iR»(Z)pr*ttW«ffl^4 0MHzT 
10 0Hz£(TOR)6»IM»J:5it* 
D/AJMMBfc#Efchf y h»tt 1 9 My b£JLt£: 
ft*. MfM«im?&MMs. fittMftfttfM 50 



±JC*«{frs^i:3&«*A6nT^S. LfrU 19f 
#^6*«3»«H«T*&fc», ft&teD/A£&-r£fc: 

v h&zm&ftmL. mx\t. 1 2 h©D/A3E* 

§§ch 7 fcfy hOD/A«««IIfc», #^©D/A«* 

8offi**Jn*-r*rtn«fcoTffl*<DD/A3Elft»© 

[0 0 0 6] 

fcf>^HJ&<i:> ±E*l©«^fcStt*£«B3lt:S^ 

t ±mmmm<D t ±e ; 4 x~> x - \l > 
©ffl*t<onn»*r*iiD*SA>&«i*r*. bps, &i 

l©S^fcS0ffl*£A;&*^i:0SM*&. IMJ-iX 
vx-fcf ^SftKA^U ^2(DST^§glCcfc^Tm 

jEU hfy hft&ffl«W**S^V»T^*. 

[0007] st**M©s«fcv>-fe-b-'i p if-tt, & 
n»2<DBt«ttiiiBt, ±es 1 ®«#tt«isn»0 

fflrt t±EJB 2 cD«*^»l5lift<om^ t <0&»fr 5±E 

>-fe^1f-(C*5^T, ±E«£EMfPR«SOJB«Mtt 

y h*tt«®»om*&7^-nyM^jr««-r5D/A 
««»t±ED/A*«S©W*«A*tT*«WII»f 

[0 0 08] 
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(4) #B3¥6- 1 0 4 7 5 0 

5 6 
»ffi«®»ffl*£DA££«;rs. »10fNfcSi:« *m% (b) tt, (2) *x&ZZ. 

b = x-y - (2) 

-fcf>yHB0g»HISttt (3) 5tT?*-fr*. H [R3] 

e - b z~ l + ( 1 — z ' ) 1 Nq - ( 3 ) 

itty<X3/x-tr>if0*O****U ★ [0 0 0 9] jfMLfcych/^Xvx-^^lftffl* 

tti = l. 2W^ii = 2t^. ^tl«[El^«l^ 10 e t^jDflt^n^OT, bfy hft««lHl»ffl*DAtt 

»c*^Ttt«»gofcc»i&T*. fci©*Ffc«§©u (4) aazLraan*. 

*y te £<DiiMS£-&$i*£*:£, yl£y< Xvx [»4] 

DA = y z ' + e (4) 



= x z ' + ( 1 - z 1 ) 
(4) S*>&lf^»fi«0ttfflaDAtt, XJlx&m 

q) icy<x^x-tr>^n^«»wtt*«^6n 

> ^ $ m kk wtt^NHf 5 n^a^ > ^ 

[0 0 10] y-f X->x-lf >^»*&D/A« 3» 

¥ rr nh'^h *-/t— ^>y»J>^ d/ 
y-rx 7^ «f- v\ 

Or? 7U>y H-Xt-T h *y h , !B24#4 
^A^1989^ (Yasuyuki Matsuya, "A 17-bit Oversa 
mpling D-to-AConvertion Technology Using Multistag 
e Noise Shaping", IEEE Journal of Sol id-State Cite 
uit, vol. 24, No. 4, Aug. 1989) ^ 
I±V m t*-n-V>7V>>f D/A 7>F D/A U> 40 

n-$x vtx wxf-y/^rx vx-tr>^ 

7-f -f- -f- h5>X7^>3 

> 73^Xx>f , Xt:-^ 7>K 

^36#12*l 12£ 1899^ (Kuniharu Uchimura, , "Ove 
rsampling A-to-D andD-to-A Converters with Mult is t 
age Noise Shaping Modulators", IEEETransaction on 

Acoustics, Speech, and Signal Processing, Vol. 

36, No. 12, Dec. 1899) 75>i*rS. ftoT, ±IB«ric<0 
y<X^x-li>^«l*SWfflLfetfty hftttMeMC 50 



N q 

D/AsE*Lfc0^e«K»f7^;^^vin«, y^ 
x^x-tr^yicioTKwaLfcfiitttaiftsnfca^ 

* & ±Effi«3l»r 7 l;: <k o TWffif *£<hl;: 
£0, ^^fcfyN*©D/ASE*8*«viTt>, 

[0 0 113 

mmm] bit. HiesfflViT**w©*jfiw&ttW'r 

Bill, *«Wfc«k*W«ft5/>-fe-9--f-!f-0-* 

s*m^f r, ftmm* mmmiEmmmm 

^Fcont, ftJJGHi I n i t fttf«»1»#*.«^G a 

?%m 1 ®«g«tt»|5I» 1 . M^-9 70«**6 

IS 1 ©ffla©-«ttBMC*tt*£#£«te* 1 

&3, ■»*«0ll2©fflj!i0-ftl»Bfc:^»**»* 

^s^2(dh^ibi^4, s»isitt4om****m#f 

r fcTBmMfc-r*lR0a*I3|«l 9, S#lilR3*>&tt 

1 8<Dffl*F s aM»tS«»»5, 5 (Dffl*} 

UStflWMlllBT^-f^^-f^G, MJNH8 
Otn^F s a^&««[««IS»iEm^S«*r*««* 
ttiESl 2, mMtiEfll 2©m^$r5 ? >rx^^7>r 

;i/^6(Dai^Dou t [ciraSL-rsiDSL^i 7, f>f^ 

;i/7^*6 0tH£Dou t*^2^©«g»^«@I»l 
1, ttlUS 1 7 0ffl*DAGCttt**«ffl»l HUH 
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7 

^*ftomnwcm&\ o, HfHttierKi oom* 
D/A«»«9CDm*^*n*««s»**aiE-r* 

a^U7^^ (LPF) 54, LPF54(D^T 

^«»««$ns*jE«w%«gg (vco) 

[0 0 12] ^Jc*SOfi«©»f^SKW-f*. ZZlTtt 

f r = 1 2. 8MHz 
^UX^r-7»«B: P=12 8 

^Wfc K=3 8 0 00 

mu\* (5) *fcT#*&n«. 

M=NXR 2 ... (5) 

&*<Dtim#te<DmMT\t (6) SfcT«tf*. 
T=Ri XRjt f r - (6) 

(5) jZ&Zf (6) aSlCfc^T, #fflftRifttfRittffi 

[0 0 13] ^T, ^0K3©»f^&fT^«^ « 
tt, C<Dt"( *>?(Dfr, M=0£LT, -JMNjWH 

K 3 711X^-7 7 ttiTjCLK 

p<z>£±D#(c:/uxy-7©^a5xm*§- (MO 
d) t**px«p+ itfmaans. M»4om 

[0 0 14] H2li. B10tt*)&*lsl&l 9<Z>Mft& 
it^Dy^ft B3ttifc0k*IIIl&l 9 ©MM® 



(5) ftl8¥6- 1 04 7 5 0 

fc»©^-f 3>^*-h*w-r. *&0&*EU81 9 

CK2EIC«koT"ty h£*l£7'J y^7D«^2 2, 
7Uy^7ny^2 2 Z>£ti£ £g*P{I^ f ■ 0 X 

yi^Bf CK 1 RETQW*l:Hi*t«l/^^2 3, 
Xy5;«*CK 1 REft-ft©iBMf|B»i**Sffli 
08 2 5, 5§5£[hJ$§ 2 5 (Dtftjj CK1 R — D e 1 a y t 
>yX*2 3 0B* (b) tO»a!«[e«CSAND|pl» 
2 4, WMOD & CK 2 E©^-f 5 

i0 8tO&tfU>>X*2 8, l^X*2 8CDaj7j£AND[eI 
?S2 40tJB7j (c) T*D&t*W*X*2 9, 

2 9©lli*SYMODtl/yX^2 3©Hi*tfl)»I« 

9©m*ttAND|5l»2 7^ft±tttfy K l^X*2 

3 0Qtii*^STfifcf!y h> -tO^OtTy bttf^TH 

[0 0 15] B3 0>*-f 5>^*-M::tt, ttOfc* 
@»190A*OTT*5CK1RE. CK2E, MO 
D, I*jg&m-^T&£CK1R-De 1 ay, SYMO 
^ D, (a), (b) , (c)'2fctfU*flH»bo^bT** 

UX^-77CDta*CLKPt)R»iC^Ufc. CK1R 
Ett»»^frOA±0XyylCH»tfc«#> CK 
2EttCLKPOA±0XyS;tlBl«|Lfc»^ CK1 
R-Del ayttCK2E*-fiBSBIJil8i313:fc«^T 
ft*. ±E-*»maWil/5>X* 2 2 <DMM%i®£ 0 

UXfr-570ffl*CLKPfcHHLT»bU MOD 

# TLj ©i^^'JX^r- 7 7 0D#E»#P, THJ © 

[0 0 16] CK2EO5i±0^^^>^iCT, 7U? 
-?yuy?2 2<D(il7jQte l"Hj 7'Jy^7P 
y^2 2<Dm*Q^»ttSnT^^WxX^2 3 0*0 
D y C K 1 R E » f , l/fcfif 
**JS«Tttl2. 8MHz^lC7U^7 r 7a^7 P 
2 2CDQtiJ7J (a) l/yX^2 3 0Q^ 

fCWTj (b) TSo yVy77Uy72 2<T>mi) (a) 

# THj cott, CKlRE©4.h0ly^»4Lfc 
40 l/yX^2 3©Q0i^ (b) tt ("Hj & 

iC, VV7.2 2 3C0Qffl^ (b) # THj CD<h£, AN 
D0&2 4<Z)ffl7j (c) ttjg^m^CKlR-De l a 
ya<ffl*3tt£<Z)T, 7U^7 4 7D»^2 2<DQ[1J^ 
(a) tt'JHry TLj £fc* e 

[0 0 17] 7'J7^7D7y2 2©tii7j (a) 

TLJ (D<h#CKlRE(?)^±0X^y^lfci 
l/yX^2 3£OQtil7J (b) « TLj fcftD* AN 
DHIK2 4©m* (c) W7'J7^7D7^2 2C0Q 
a* (a) TLj 7 'J y?7Uy72 2 

50 ©fcHrttf TLJ CD^#CKlRE(D5±r)X^s;^^ 
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(6) 



ftKW6- 1 0 4 7 5 0 



10 



t5*frll CKlREOfi9lHlC05jL±OXy^e»^lHl 

^LWofciSW^. ±S2I&D&^le]SSl 9<D® 
mt* CKlRE©WBO3Z±0Xy^6^lsI<04± 
Dl^yJTWl, CLKPCDft±DXyx#$g£L 
&#ofci:#^X*2 3©Qffl*tt TLJ ££0, C 
L K P ©i± 0x7 L& tfl/yX^2 3©Q 

fti?Jte THj <hfc£. ^O^m> »W»f rfcttUT 

#mmrh & c l k p enjmmics&rs. 

[0 0 18] MODfeCLKPOTtt^© 
TSipm^f rir»l/T*lRl«T*S. *®^«>, MO 

fc«<!i:««T5. St\ MOD$UvX^2 8i:A^ 
U ^UX^r-7 7©ttl*CLKP[tJ;oTStf?^tr. 

untt^u 7 ©#j«*t:/y 7 ©di^ 

C L K P (DiL± 0X7 S>&8t0MOD fcTlfteSftTU 

soot, mmmm*- : gt2i£z?ttbT&z>. a\z. 

7,5 2 8 0Qffl;fr£l/>>X^2 9^V>T, AND0& 
2 4<&ffi£*^>^ll£V>T3xD&tr. AND0SS2 
4CDtti^ (c) liCKl RE«Oi±0X7^6 
4-®C0^± D X y V^TOKIC C L K P <D&± 0 X *j V 
tm*E\,1th*\Z THj *tffl*$nsm^©T, f r 
fcISI)Bl/fcMOD»#T**SYMOD&»4C:i:3&«T 
#£. * 

z 

T ( z ) = 



* [0 0 19] SfttC. :/UX^-7 7<DatfjRtfMOD 

1 9©ffl*€AND@B2 7(CJ:oT4)*"rS. #£J8 
«0«k5fc:/UX*-7 7©#fflftP£i 2 8£Lfc* 

p&tfp + i &2mmz&*oTmmT%t, p\tb 

i <Dfr THJ , P + l«b7 i bo <D 2 "3<Dfc: y M< 
THj tfcQ* -t<0«©bi-b.tt#»I TLj Tfc*o 
^O^^0K1 9COttl^«CKl REOHfjtsJCD 
3t±0Xty^&^®©lt±0X?;S;*"C(OMfc» CL 
20 KP<D&±r)Xyz?tim±Ll3:fritZt£0, CLKP 
O4±0Xy^»4U SYMOD^ THj 

<Dt2P+l. SYMOD^ TLj CD£2P£ft5o 
[0 0 2 0] 01 QtOj&^IUKl 9tf>ffl 

©2^0«#««EO«*OjST?*<b. ^£0, ^gUl 
t5Wf»n^. #1^ Mgggl 8©fflAFsall 

a»»5t«»*«M*iiE»i 2cx*sn*. *i\ 
*tt±E2-3o«»«»m©tttt*jdc»sffl*r*, a 

#3§5 0£g|Ii&£ (7) SCT*r. 
[*7J 



(7) 



1 - z 

[0 0 2 1] t»«5oaj*ttr^-^6 2l:AA3 *JI^T*D. tf^il^-HHttfrS. 
r^-^6 2tt (8) afcjKTeaw*©7* [*8] 

Ri -i 

S ( z ) = S z - (8 ) 

i = l 



R 2 -i 
U ( z ) = Z z 
i = l 



i r^2 ommT*m/vf£. 

[»9] 



^uT, r««- (i o) a«iT*sn*. 

R* = 



* A [*1 0] 



f,xR, 

^i£*«iE3gi 2(Dai^<hira»$n, fUftR&lsKi o 
[0 0 2 3] B4tt« 01<Dfl«»8g*tIES8l 2(D« 



( 9 ) 



(10) 



50 



E&»SS£*tIESg 1 2 tt, MffS 1 8 ©IB* Fsa^ 
JM-*M«3 ■Qb.VVXfZ 1, UvA*3KDQffl 
afc*Di&ttPS?X*3 2, WJX*3 2 0Qffl;M«A 
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11 

f£-fel^*34, tl/^^34(D^i:l/y7^32 

^ WI)M4 4 1 4 5 A^M^S. 
04(C^1-4t3(7)l!if^^D^^Re s e t, CK1, C 
K2, CK3te, Hl©HffiT!tt#lSLT^***, 

T*^$>y«&[siB2 i^eft»$ns«^T*5. 

IWWW^F c o n t l*ES&*S Egg 1 2 ©IMP* 

[0 0 2 4] HTfc* HikftRSttjElBlltl2<onfP« 
RETS. ««*«^»iEIarES 1 2©A*m#F sat 

Jt«3 0©ffi*tt^U^X^3 lKCKlO^'-f S> 
?rWL O&Stl*. 31iJReset lC<toT 

U-t* H3tt*0T. Reset^P7^«:^n 
*CKl©llR©jtoJfcWTfeft«a. l/yX^3 1 

«. fto-c i/^3 1 ttt-««ira©««*a«i* 

nsfeom^ C£Ttt±EI8*tt*©«»T£ 

HrrsjineacfliDftBfti* d o> seer***!* 

[0 0 2 5] l^X*3 2©QflJ*tt*JH83 3fcA* 
A ftl/yX^3 2<Dmxt<Dm&* (1 1) ^CtC^ 

■r. 

Bki i] 

x 



Jttt»2 6tt«**«8A f<D*#S{C*i;T, ftlEffi 

ttftRSA f W± 3 0 0 kH z fc± 1 5 0 kH z 

(11) a*m>T. WW**** 
±2457 6, ±1228 8T^S. lt(ft«2 6tt^n 
&©ft**2 3MMCT*SU ±tt8tf*h©*tt** 

[0026] ®s\t, m4o)£tst%2 6<Dnmmm&m 

t. X<-2 4 5 7 6, X>+2 4 5 7 6©£#, 
a#&#$tl£. -2 4 5 7 6<X<- 1 2 2 8 85:tf 
1 2 2 8 8<X<2 4 5 7 6<Dt%, «ftb#S«£n 
1 2 2 8 8<X<1 2 2 8 8Wi^ Mc« 

6J:Da«»Wffl*3n. -feP^^3 4CJ:oTjl« 
4<hl/vX*4 5«, «#■'«*!£ U Efc&»IE<fi£ 



(7) #$¥6-104 7 5 0 

Bttrr*. MMfFcontl^oTUvX^ 
4 5tt'Jt7h^, mfeffiHtiESl 2<DMJ]F 
Hou t ttUPWSSl 7t*5^T, x^^^;V7^;p^6 

©atfjtanjssn, «HHt£i§iHi ocA^^n^. 

[0 0 2 7] P?J6te, Bl©«8*tt«IIIKn©H12jfc« 

«jKjs®B2<oaj^t©fiffiji«m^«&^-r. mac 

J0 «I»2ft»0»H*Nx, D/A£&$9©A£> (4 
ffi«*Wm^P cont, ffi*aS*ttl«W* Pout, 
^*«J*A«^N c o n t XIWV *J9)V74fr9 6 
©fcti^Dou t 

[0 0*2 8] «#«*HI»2<Z>lf-^^>f5>y&^-r 
^Dy^K„iO||Wl IMttMgBl©^-**^ 

^S^&nS»^»N^N0A^Nl^S3nfc* 

contMtU «*tt«EI§l»2 0rt«0»fflj*Nx 

»9©A^*^«*^4A6n5«J««[I n i t JcJEJE 
U tt»I«tflBliaj*Pout*Utybt 
*. H©tt«^6Kfi©2^ny^©atffifflS*ai 
i^Pcont^n. H©IW©D/A*1M§9© 
A*&, ±Effl«HBlni tfcHfcSn*. ZO&ylZ 

£5. 2oo«#««mi0tt«*ttKT.ift:ra«UT7 f 

1 1 \z&»T*o>m&&ttm*kmm^v com izx# 

P (0) , P (1) , P (2) -tLfct&, ttffiStt 
fflgl IfcttP (2) tmjLZtlZ. dOtt*SS*ffl» 
1 1 ffl* P q u t V>TD/A**« 9 ©A;?7©*§IE 
£fr5. «HHB6I3*1 OKTHjEftfei:**. 
[0 0 2 9] «7tt, Hl(0*m»€(5lKl 0O««* 

l&£[eIB 1 0 tt> ttffif£ttCti« 1 1 ©tti^P o u t K«k 

[0030] »ftne@iii on, «miH«p^Ga i 

nfcJ:t>TJt**n*fllff««ft'rft«lWB*l5HI53 
5, fU#«5tlsI)» 1 0©A*ff^DAGC£«»»£® 
»3 5t©««r»**IW3 8, ±E*JW3 8U*i: 

5^ «iEiiia*iHiift3 6tti^t*jn*r*iin»*3 9, 
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(8) 



6-104 7 5 0 



13 



14 



gg3 SV>mi]£fe&&t*:mn?3k&%3 7, *)U|3 

7 coffin tmjEVEita 3 6 otti^ ^(Dsn»^-r^SD# 
§§4o, 1 1 p o u t t^mm^iHi 

&3 5thJjt<Dmz%iz>m&®4 6, 
s^sm i n i t tmn%4 6<Dttint<DMft*mz>& 

JM&4 1, M#gg4 l©ffi^tllD^4 OfcH^tOtfJg 
*.£?75-fcl^?4 2, -tU^^4 2£b^^#1-^« 
ZEMIEtfilHlK3 6, fm^m^Ga i n&tf&ffi*iIE 
fcWft^P g e t Rtf#^&^#*fi^N cont^ 

[0 0 3 1] £TF, 0 8<D^A^-b£/8^TfiJ^ 

fU^JWi^tGa i ntefiJ#Jt£®&3 5KA*£ 

[0 0 3 2] ^f, ^rat^Ncontiao 20 

x. %mmi£®n3 swityhzn. m^aotfr* 

X^tltzWmmi n i US, ±fB#E&«#Am^Nc 
on t<D?1=i>>ftZ&^T&teM&&&l KDMJj? 
on t^OS^i/fiJU^i^PGcon t# 
THj T&*tf>T, in^S4 l&tfi:l^*4 2%frL 

*e>ftfcSO#HII n i t££*. iI0l§<D*SlE{IEttlH] 
K3 6(OffiHo,(0)« (12) 
H.,(0)= I. n - (1 2) 

[0 0 3 3] teffigfcfcfiat&TU fiffi^WM 

fPcont tftf^-f &ffi£&ffl{I^P contlJ 

ft^^ram 1 1 m?jp o u t \zm%mfe®&3 5 toy 
mzmm®4 eizTmrn-rz. ?kn&4G<Dtojjtmft* 

G=DAGC(l)X ff 
^J^^CD!l®m^D. c (0)te (1 5) jMZTX 



*®mm i n i t t<D$m*$mWi4 i icris&gsnso 

^£g§4 ltf)fflfij;i, -fel/^^4 l^LX^m^ 
0ft 3 6 iCA^n, feffi^mm^P cont (Cjg@ 
^-^Afc^ffilE^M^Pge tlCckcT, JIIEflfS 

it(Hi^3 6t-^^n^o 

[0 0 3 4] &±C0fc!?3^ ^MgE1g[§]8 3 6<Z>{iH., 
(1) KteSOgHfl I n i t # £&*9£&tii8g 1 1 <Z>tfJ;>3 P 

o u t jWtf ^nfctetf^sn, ( 1 3) ^T^$n 

H..(l)=I.n-Pou t -(13) 

^*^^IhIK 1 <h8g#TO£l5]ft 2 CD 2 :?£>8gU&tt 

^DAGCH MiEffigH1gInIgS3 6(DM^iD#§l3 9lt 

[0 0 3 5] mimBnw&wmpLiz-o^T®,® 

TS« fifi/mt^PGcont^ 
THJ jfcfc TLJ \zmtbX. AAJ]tf*t)/>7*4 2<D 
YthJ]\zmR2tlZ. &tt/W&®WZm^PGcon 

teS^ICEIS-r^^E^fi^Pge tR&CD*>f 
^>^ft£tff^JittU, IIIJS^3 8<Dffl*te£& 

0£0lli££3iilMS3 7^Tm»$n^. _LiB£&/3 = 
l-aT^4. *^JS0UT«a=O. S(Dt^\Z^X 
rat^CT, ^^THi3 = 0. 5T&*o ^SS3 7 
fltJSS§4 0C:*5V>T, MiE^1SIeI^3 6cDtti 

^ans^ns. #m^^^*A*£n*£, 

3 6 KIR 0&£n* f<m^[ElK3 5(D^ 
^afglcSfr^n^ Slfr$n^J#m^0K3 5£iJ* 
tfimm^[§^l 0OA^t^»^^§§3 8(3T^ 
g$n^>c ^»^3 8 0aj^«ttiEMfEfi:[5l^3 6O0i 

utmwzn, D/A&&mzAUtsnz>. 
[0036] &±\zm^ft®ft<D®m&&T<Djs:*m^ 

fcfe**DAGC(0), fiJ#^J#^(7)±fB2 0(7)«g*^ 
^^it^Ufc^^DAGC(l), ^fc?im^#miCO«D 

£[eI&1 0<DA1lDAGC(Q)*%^X%-rt (14) 
- (14) 



D <e (0)=Ho.(l) + DAGC(0) - (15) 

z<Dtz, ±mmMH 0 ,am. §knm3 7tmnm +L^mMH a A2)tmn2tiz>. 

4 0lc<k^»icJ:t>, (16) i£v>&o\zmtL. fr* 

H e .(2)=Ho.(l)+ (1-a) XDAGC(O) - (16) 

[0037] ^ d4) &\ZTK?m®®w&<DGt m3 9\z£omW2n. (17) icic^-rct^^j^ 
(1 e) x\ZK?mnww&<DmTEmH,,(2)t#mn so m^ommmnD^cDtu^ 



(9) 



#M¥6-1 04750 



15 



16 



D.c (1) = G + H.,(2) 
= H., (1) + DAGC(0) 

+ aX(DAGC(0)-DAGC(l)) 
= D.c (0)+aX(DAGC(0)-DAGC(D) 
[0 0 3 8] ftoT, D.c (l)»R<&»JM!#tt, (1 

7) ac^r^^icwffjawwitiwaiwtsft-fe. 



a, a z 



[0 0 3 9] 0 9ttaiOiiy K»fi«IslB5 3(D^Jfi 
R©«Rfc*T7n**RT**. tfy h»ffi«llK5 

0, «ft«SIsl»10<Offi*DACJCffi»IW>i*»«» 

1 ^STfcSg 5 5 , *f ft» 5 5 oa*«cWSOiS8i* 
£5!M3-£*ii&f§5 6, ±eNftRKlSIRl OOtiJrt 
DAC*6R*ftR5 5ffl:&£«*T*«JH§5 7, R 
»R5 7©W*b^6»2 0R : 3Hl:R6 1©W*SR* 
1T£R»&5 9, RRR5 9<&ai*ft&#TS«#86 
0, «»»6 0W**R^ft-r*»2©R : Nt«6.K 
S^ftSI 6 l offl* e <hS©Sg 5 6 <han&T £in#§g 5 

[0 0 4 0] ^9hRfiKRR5 3a>RffR«« 

fr5. tfySRftR«5 3 (ORf^RRtt, ^(C 30 

e = b z" 1 + ( 1 - z 
Nqttifft*6 1^4t5ff?fc«» z 

[0 0 4 2] »l©MTftR5 SV>ftt}y\mm 

D A = y z + e' 1 

= xz~- + (1-z* 1 ) Nq 
S?<{fcg§ 6 1 3fttR^f*»TftR»N q tt, .kBtf>7 
*R»©2»©10#RIC-RK»«T*. hfyhftffi 40 
R@R5(03ffl*tt, D/A*R»9»CJ:07^nyffl 
*»fcRR3*l*. D/A^9^«n-/U7>f;P 
*5 4lCA££*l£. «oT, (19) ^Z^TXo 
fc ( 1 - z -1 ) ORRftttttt;: «k 0 KRRRRIC / 

[0 0 4 33 01 Oti, Hl®£y hR&R|5|R530> 
2*AIt-A- y->^;PftfflVifc©R-C**. 2&A 50 



(1 7) 

*R*Dfe+*HHWWL fr/4ibfc. ±GRffnft 

^ft&&*®:§jftTs. x>fiftti&*ic«i;Tfin»-r* 

4 #0 1 <hTSc "*KJaJf»6 5©ffl»ttR^bB5 5 
,c«fcoTT&fc^ hRMMRSti*. WDACCDlfy 
htliVCOMikKVMI«4 0MH sb fcbfci 

-f^*5 4©»»«R*£l 0 kHz, MR-T^fcfyh 
Rft7£yh£Lfc. MR**#Rtt4»5A* 

[0 0 4 1] R^ft»5 5t«toTTttty HSWRS 
tl^m^ y^DACt afift ftR* gg 5 7 J; o TR* 
TS, 5 7 (DtoJj b JJR^ ftB 5 5 CDRTfldRR 

Sfcfc, ttJ*bttR»B5 9t«^B6 0tR^ 

i3»fc:A*3n*. l^ASKy-fX^x-fcrvyiiiR 

CDtfirteii (1 8) 



l ) Nq - (1 8) 

*^n*. i*Aza!*BiHi»©aj*ett, s&ios^ti; 
s 5 5 Ota* y ft i v>?)\>nnmm hittmtmsm 

5 8TH0»$n^cOT, £?hRttR|glB5 3U*DA 
(19) XktsiZc 



- (19) 

£*-M-#>^fcJt*lfyhRRRiaRtt, HftR 
CBR1 O0U*DAClCR»MftR»R» Cr-ftf) 
QnftjDa»T^iDgi§6 5, Jn»B6 5W*?5«A** 
n, enfcTttlf y h £#J«T*» 1 Ottit 

R5 5, S^fcggS 5 0W*ICBffiOjB6RftBB«* 
£i§@8&5 6, ±IBDAC*^*^flSB5 5©ffl**R 
*-r*tt*R5 7, Rg3S5 7©ffl*^6R2©RTft 
^6 lffl*ftR*T««*B5 9, MS:S8 5 9©m*ft 

MM8 3 0tii^ft«fitr^)«»S§6 4, if^6 40) 
W*fi«»-r*»2©R^B6 2, »[#Sg6 20tti^3ft 
RT4tr«R2«)JHHbB6 1. R?fcS6 lOW^O 
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(10) 



#&H¥6- 1 0 4 7 5 0 



17 



18 



[oo4 4] w9<D\±yhtkmk®&tmmz, xiim 

*DAClC««tt»3t»«^Qn£Hn»S6 5lC<fcoT 
ft, Tttfcfy h£S««-r*. Iffl«5 5l:J;oTTtt 

e = bz" J + (l-z 



*^S5 7UoTim «WB5 7<DttWjbtt» 
&#S§ 5 9 t» 1 <Z)fe#8§ 6 0 £&g2§ 6 4 2 CD& 

6 2 2 (os7{bs§ 6 1 jkxmm e 3 \zxm& 
*n*2*Asaiy>fx->x-br>yiii»icA**n 

0) 5£T&5c 

1 ) 2 Nq «- (2 0) 



[0 0 4 5] micoST{b§§5 scoai^y^ji^ 

DA = yz~ z + e 

= x z"" 2 + (1 - z" 1 ) 
[0 0 4 6] 2*A£g/>fXS'x-t!>^B»&J8fri 

(2D ain^-r cfc 5 testis 6 1 3^«*-r* 

^ <h 35: -5 p -/^x 7 -f )V? 5 4 ic&BfefittXfftt 
» V C O 8 OfflVWi t T V C O 8 ^MWf 

fC, ffi#tt, XUA^r-7 7lCA*an*. XUX^Jr- 
77H ffi*^ai5lK2^6^Aen^^:> ? a7Xm^ 
M0DJC«fcoT^f£O»^» (PXttP+1) 
ff-5. 7 <Dmrtte&##&@& 2 

ft, c©-a©»fiJV-^»cJ:D^»*->>ir^tf- 

wufc^ cniciaesftr. HS©»«ft&»^«'& 

[0 0 4 7] 01 lte, *«WtI«fc*«**-»-feU->f 
1f-©*0**«f!l©«|*€^TBIT 0 1 fcwT* 
fc#J t©*^li01 ©S§#ttfc[El!& 2 y U X ^ 

fllB^#A6n*SB3C0««««liIKl 3*S»*3ft 

KWtt*«-r*. ISfc, ^J^-7 7«jBtl0 0MH 

[0 0 4 8] 01211 *«Wlc<fcSffl*fc-»irif>f 

H10*lS«tffl/T, WWWjW-fcfc*«fc* 
7>«g3, 4 tm#®B t(D&Wm#Z&X.Vft>b<Dr$> 
H10S»l5lK3, 4£«»«5jWWBa*U IftlE 

& 1 5 i 4 tfssaaaftr w*. *he§3 i 5 ji 

M*B 1 8 (Dffi^ tr^ 6 <h ©IWJCtt A 

$n, M»ia»i 4tt«stsi 8cam*t^s»Rn« 

iE«l 2 «h©ffllC#A$n*. ttiESIl 5lt Sg&ttft 
®»1 t«««»Il»2i:<Dffi«*fcJ:0*4-r*±M 



»3ibfc«^i:lin»»5 8'CJin«n*OT, bfyh« 
<&«®&5 3HWjDA« (2 1) at*<&. 



40 



2 Nq ••• (2 t) 

[0 0 4 9] a±»^T#fcffi»«fc-»-fe1J"f 1f-0>* 

«g#*»®ai, k#«»iei»2, 
*e, mnni o, ^M^di^i i, MftHt 

IES&12, «#tt«B£lsI&l 3, ^i»14, ttiE 
815, ttr)£#IIK19, «W0M2O&r;«Wm^ 
»M4 7 0-«feKtt4«SDSP (y-f^/HB 

[0 0 5 0] 01 3Rtf®l 4r*^m , b*SW!fcJ:* 

m«J61IW»«k-»-fe^1f-tt, Hi, HI 1. X 
«H 1 2 W-f If- 50t, »«»NS7 

[oo5i] b«@K4 8 KE*snT^*rt«tt, a 

#T*ffl»Sv>i:1M1f-5 0©iR*tt*DACS# 
fratrft^ftfT-S. vco©«»»«w«#t««ffl» 

±E«ftttfteW¥tt©^D«>o<D«fcLfc*) 
O-C&ZTz®. r>tfc^E*0i64 8 0ft*Wt&n 
tf, Etttfcftfiltt*lHl<DH«ft-»1r-y-f1f-5 0lC 
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(11) 

- 19 

®fe?zmmmtLTm'tzcttf*!mT&z. ±12 
[0052] m 1 4 fcK-rxiMtt. v co0^^ 
&^v>*fe^-rif-^ 01, x^iai 1x1*01 2 co 

[0 0 5 3] VCOOHItftMlimiCMI-dMEHtt 

±iBvco©«»*««m# 

&*laI©«»»-»-fe^-!f-5 0©f8fiE«*cD#jaa 
MtbTA^«^I n i ticwesn*. zcr, ±12 
VCOOffl»ft«»»^t»r*»«ffi«*(Difi«BI* 

[0 0 5 4] *%m<nm&&i'>tt<i*?- 

mmmm r, #j3&n* fco 

nt, Ga i n&tf I n i tfl«Aa3*L tftgSnfcH 
WfcfcT«aH-*Wttk^>-fe#-f if- 5 0 £«MM* 

*-fif-5 o*^«»$nsm^tCcfcos^m^&ai« 
ffl*-r**w»5 2^&#i*$n*. h**-»i:im 

if- 5 0 tt±E**»^ f r &#MftN# & f r xNco 

IMif-5 0&fflUfc^tooWCi8*r, fclAtf, ± 
E««»S/>^^if-5 0O58fi«***««IB5 2 
££g!lS§5 1 lCTHfcS«^ ftft«ftfc:&M§5 2 

Wct>»fli>Itrcfc*. Sfc, Fcont^GainO 



ft&f!¥6- 1 0 4 7 5 0 
1 1 h^l 2h'^ hO/hSt^tfy h^C0D/Afi 

0, 1 0 0 H z aTO*^«PIB«*-r*«»fc^>-fe-9- 
[0®cDffii£ftIBHjl] 

[01] *»WlwJ;*««ftS/>-t-y--ftf-o-*«« 
[0 2] Hl<©WDa*0Kl 9©«J«S*-r^Dy^ 
[0 3-]. El 1(7)^0^0^1 9 0»fffBH<Dfca© 
[0 4] 01<Z)**JK«|iI»l<Dfli^i:«fttt«iHlK2 
[0 5] 0 1 <&flfc**§IE8 1 2©«***T^O^ 5? 
[06 3 H5 0Jttg£2 6®X3ffi$&K'rH 

[07] 01 ofmsteuft 1 0 7n ? ^ 

0 

[08] fWTOfclsTfcl 0(&»fls*>f A^ir-h 

[0 9] Hl«)t:9hftfttt@R5 3fl!)«lkMa)«ia« 

[010] Hlfllfy h*ffi«ll»5 3©*M09©«l« 

[011] *«WlcJ:«««*>'>-b:if-fif--otto* 

[012] *»WliJ;*«»»^>-fet>--f-tf--OMlc« 
o*Jfi^co»^^^-r^n y £0 

[013] *%w\z&z\zwmwi*:ni£'V2zwmmm 

«y ^0 

[014] *»MtJ:4fc«J»!fflSttJeT**«J»Iffl[tt 
y#0 

[015] **^<D^iS»'>>-k^if*-*ffl^fce^ 

[flF^CDiBW] 

1, 2, 13-fftt^tt@K 3, 4, 14-g 

5 e»&4 99*7 

7 -7U XT-y 8 -ttEMWM 
» (VCO) 

9-D/AX1M 1 o-«imtt@ 
K 

1 1 1 2 "MUHUE 

s 
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(12) 



&Bfl¥6- 1 04 7 5 0 



21 



28 
CK2E 



CK1RE 



25. 



22 



1 5—ttIE3§ 


1 7- 




44- 




4 5- 




1 8-«JW 


1 9 




4 6- 


--*]« 


4 7 




2 0-ftg[5lj& 


2 1 




4 8- 


"EtttlHlItt 


4 9- 










5 0- 




5 1- 


-mm 




2 3- 




5 2- 


-•SIHB 


5 3 




2 4,2 7 -AND®* 


2 5- 




ttHlR. 






2 


2 8, 2 9, 3 1 


5 4- 


-LPF 


5 5 










\m 








3 0-aoM 


3 2- 


•UvX* 


10 5 6- 


•*» 


5 7- 


■«JH8 


3 4— feU£* 


3 3- 




5 8- 


-Aims 


5 9- 




3 5-*MWf£ll]B 


3 6 




6 0- 


i 


6 1 


















37, 3 


3 9- 




6 2- 


••*2 0M#* 


6 3- 


-fnw 


4 0'"AMV 


4 1- 


•WM 


64- 


-MM 


6 5 • 




4 


43- 


•ORtsI8 











MOD 


bS*X* 








D C 
C 




D Q 
C 



[02] 

.0 2 

(SYMQD) 



•29 



.22 
"7 l ) v -f 

(a) 



D 

C 



(b) 



(O 



27 



in atttDfr out 



(CKIR-Dclay) 



b7 
b6 
b5 
b4 
b3 
b2 

bl 
bO 
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(14) 



®M¥-6-l 04 7 5 0 



[®3] 



[05] 



fr — 
CK1RE - 
<XKP 
CX2E 

(CKIR-Dday) 
(b) — 



"L 



(c) 
W-b7 
MOD 
CSYMOD) • 



Jl 



TL 



4-n 



JTL 



JL 



[043 



•■OJ12S 
b=0.IU 
e=0 








!9 18 17 16 15 14 13 12 • 




0 0 0 


0 


1 


1 


1 


1 




0 0 0 


0 


1 


1 


1 


0 


a 


0 0 0 


0 


1 


1 


o 






0 0 0 


0 


I 


I 


0 


0 




0 0 0 


0 


1 


0 


1 


1 




0 0 0 


0 


1 


0 


1 


0 




0 0 0 


0 


1 


0 


0 


1 




0 0 0 


0 


1 


0 


0 


0 


b 


0 0 0 


0 


0 


1 


1 


1 




.0...JU3L..Q. 


-XL 


JL. 


JL 


.P. 




0 0 0 


0 


0 


1 


0 


1 




0 0 0 


0 


0 


1 


0 


0 




0 0 0 


0 


0 


0 


1 


1 




0 0 0 


0 


0 


0 




0 




0 0 0 


0 


0 


0 


0 


I 




0 0 0 


0 


0 


0 


0 


0 


c 




1 


1 


1 


1 


1 






1 


1 


3 


1 


0 






1 


1 


1 


0 


1 






1 


I 


1 


0 


0 






I 


1 


0 


1 


1 






1 


1 


0 


1 


0 






2 


1 


0 


0 


1 1 






1 


I 


0 


0 


0 






1 


0 


I 




I 


b 




1 


0 


I 




0 






1 


0 


1 


0 


I 






1 


0 


1 


0 


0 






1 


0 


0 


1 


1 






1 


0 


0 


I 


0 


a 




1 


0 


0 


0 


I 






1 


0 


0 


0 


0 





ruTj^hjiLn 



CK3 fL 



[013] 



mi 3 



[07] 



Ncotii 



Gala 



Dagc 



Omio , 



T ^ I Mil* f 35 



SYN 




DAC 



(15) 



4#BW6- 1 0 4 7 5 0 



Kyol 

Kyo2 

D/A& 



_n_ 



Ncont 



[06] 



J~L 



_TL 



_n_ 



_n 



7 twi> 



[08] 



18 



CWn 



p*« n 

Peont (L 

POoocu 



Namt JL 



iT n TLTLTL 

a xhedczxidc: 



[015] 

mi s 



SYN 



Chin g 
toft , 



DAC 



KMI 



•453- 



(17) 



1 0 4 7 5 0 



si i] 

1 1 



fr 



N 



Fcont 



m 



18 



62 ( 

VV 



4)VZ 



mm 



ZL 19 

IlL 



8 



f V 



— > 



47 



IBS 



Init- 
Gain- 



VCO 



T 



LPF 



y ^ P out, 



AA 



DAC 
SYN 



-455- 



(18) 



#BS¥6- 1 0 4 7 5 0 



1 2] 

1 2 



fr 



Eft 



N- 



21 



18 



Mr/? 1 

E 



Fcom 



1/ 



19 



(+>T> 



>V2 



IE 



P.P+1 



"7 

47 




Init- 
Gain- 



VCOl 

7 



LPF 



1 



-<-D/A 



TT7 



K A 



^ Pcut^ 



ho 



DAC 



SYN 



/ 



(19) 



0 4 7 5 0 



N 



[014] 

1 4 



Fcont ; 



Gain 



Init 



SYN 



DAC 



49- 



-457- 



